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(54) Semiconductor substrate and method of producing same 



(57) In order to provide a semiconductor substrate 
that can be an SOI substrate suitable for production of 
high-frequency transistor, the semiconductor substrate 
is produced by a method of producing the semiconduc- 
tor substrate having a step of bonding a first base having 
a semiconductor layer region to a second base and a 



step of removing the first base while leaving the semi- 
conductor layer region on the second base, wherein a 
magnitude relation between the concentration of a p- 
type impurity and the concentration of an n-type impurity 
in the bonding atmosphere is established according to 
the composition of the second base. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a semiconduc- 
tor substrate called an SOI substrate or the like and a 
nnethod of producing the same. 

Related Background Art 

[0002] There are known methods for producing the 
SOI substrate having a single-crystal semiconductor 
thin film in such a manner that an Si wafer as a first base 
is bonded to another Si wafer as a second base with an 
insulating layer being interposed therebetween and a 
part of the first base on the back surface side is removed 
to make the single-crystal semiconductor thin film trans- 
ferred onto the second base. 

[0003] Particularly, the methods utilizing a porous lay- 
er, described in Japanese Patent Publication No. 
2608351 and U.S. Pat. No. 5,371.037. are excellent 
methods to obtain an SOI substrate with good quality. 
[0004] Further. U.S. Pat. No. 5.374,564 also de- 
scribes a method of producing an SOI substrate making 
use of a layer with microbubbles (porous layer) formed 
by execution of ion implantation of hydrogen ions and a 
heat treatment. 

[0005] The inventor prepared SOI substrates accord- 
ing to the description of the above patents. The inventor 
then made an MOS transistor using these SOI sub- 
strates and found that in application of this transistor to 
a high-frequency circuit, more improvement was re- 
quired in high-frequency characteristics of the transistor 
and the circuit. 

SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to provide 
a semiconductor substrate that can be an SOI substrate 
suitable for production of a high-frequency transistor, at 
a high yield. 

[0007] Another object of the present invention is to 
provide a semiconductor substrate having a semicon- 
ductor layer region comprising a single -crystal semicon- 
ductor through an insulating layer on a support substrate 
comprising a semiconductor, 

wherein the support substrate has such a compo- 
sition that a semiconductor surface portion immediately 
below the insulating layer is a semiconductor having a 
resistivity of not less than 100 Qcm and/or such a com- 
position that the support substrate has a region with In- 
creasing resistivity toward the insulating layer in the di- 
rection of thickness thereof, and to provide a production 
method thereof. 

[0008] Still another object of the present Invention is 
to provide a method of producing a semiconductor sub- 



strate comprising a step of bonding a first base compris- 
ing a semiconductor layer region to a second base and 
a step of removing the first base while leaving the sem- 
iconductor layer region on the second base, 

5 wherein according to the composition of the sec- 

ond base, a magnitude relation is established between 
the concentration of an n-type impurity and the concen- 
tration of a p-type impurity in an atmosphere for carrying 
out the bonding step. 

10 [0009] Another object of the present invention is to 
provide a semiconductor device formed in a semicon- 
ductor substrate having a semiconductor layer region 
comprising a single-crystal semiconductor through an 
insulating layer on a support substrate comprising a 

f5 semiconductor, 

wherein the support substrate has such a compo- 
sition that a semiconductor surface portion immediately 
below the insulating layer is a semiconductor having a 
resistivity of not less than 100 Qcm and/or such a com- 

20 position that the support substrate has a region with in- 
creasing resistivity toward the insulating layer in the di- 
rection of thickness thereof. 

[0010] A method of producing a semiconductor sub- 
strate according to a preferred embodiment of the 

25 present invention is a method of producing a semicon- 
ductor substrate comprising a step of bonding a first 
base comprising a semiconductor layer region to a sec- 
ond base and a step of removing the first base while 
leaving the semiconductor layer region on the second 

30 base, 

wherein the bonding step is carried out in an at- 
mosphere in which the concentration of an n-type impu- 
rity is lower than the concentration of a p-type impurity 
and wherein the second base is a base comprising a 
35 portion comprising an n-type semiconductor having a 
resistivity of not less than 100 Qcm on the bonding sur- 
face side. 

[0011] A method of producing a semiconductor sub- 
strate according to another preferred embodiment of the 

40 present invention is a method of producing a semicon- 
ductor substrate comprising a step of bonding a first 
base comprising a semiconductor layer region to a sec- 
ond base and a step of removing the first base while 
leaving the semiconductor layer region on the second 

45 base, 

wherein the bonding step Is carried out in an at- 
mosphere in which the concentration of a p-type impu- 
rity is lower than the concentration of an n-type impurity, 
and wherein the second base Is a base comprising a 
50 portion comprising a p-type semiconductor having a re- 
sistivity of not less than 1 00 Qcm on the bonding surface 
side. 

[0012] A method of producing a semiconductor sub- 
strate according to still another preferred embodiment 
5s of the present invention is a method of producing a sem- 
iconductor substrate comprising a step of bonding a first 
base comprising a semiconductor layer region to a sec- 
ond base and a step of removing the first base while 
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leaving the semiconductor layer region on the second 
base. 

wherein the bonding step is carried out in an at- 
mosphere in which the concentration of a p-type impu- 
rity is lower than the concentration of an n-type impurity, 
and wherein the second base is a base comprising a 
portion comprising an n-type semiconductor having a 
resistivity of not less than 300i2cm and having an insu- 
lating layer formed on the bonding surface side. 
[001 3] A semiconductor substrate according to a pre- 
ferred embodiment of the present invention is a semi- 
conductor substrate having a semiconductor layer re- 
gion comprising a single-crystal semiconductor through 
an insulating layer on a support substrate comprising a 
semiconductor, 

wherein the support substrate has a region with 
increasing resistivity toward the insulating layer in the 
direction of thickness thereof near the insulating layer. 
[001 4] Another semiconductor substrate according to 
a preferred embodiment of the present invention is a 
semiconductor substrate having a semiconductor layer 
region comprising a single-crystal semiconductor 
through an insulating layer on a support substrate com- 
prising an n-type semiconductor, 

wherein the support substrate has a region with 
decreasing resistivity toward the insulating layer in the 
direction of thickness thereof and wherein the resistivity 
of a portion immediately below the insulating layer is not 
less than 100 Cl-cm. 

[0015] According to the present invention described 
above, the decrease of resistivity is restrained near the 
surface of the support substrate immediately below the 
insulating layer in the production of the SOI substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 

Figs. 1 A, 1 B and 1 C are schematic sectional views 
showing the steps of Embodiment 1 of the present 
invention; 

Fig. 2 is a schematic, sectional view showing a 
bonding space provided in a clean room, as used 
in the present invention; 

Fig. 3 is a graph showing the dependence of resis- 
tivity on the depth of various support substrates; 
Figs. 4A, 4B, 4C and 4D are schematic sectional 
views showing the steps of Embodiment 2 of the 
present invention; 

Figs. 5A, 5B. 5C and 5D are schematic sectional 
views showing the steps of Embodiment 3 of the 
present invention; 

Figs. 6A, 6B and 6C are schematic sectional views 
showing the steps of Embodiment 4 of the present 
invention; 

Fig. 7 is a schematic, sectional view showing a 
bonding space provided in a clean room, as used 
in the present invention; 



Fig. 8 is a graph showing the dependence of resis- 
tivity on the depth of various support substrates; 
Figs. 9A, 9B. 9C and 9D are schematic sectional 
views showing the steps of Embodiment 5 of the 
5 present invention: 

Figs. 10A, 10B. IOC and 10D are schematic sec- 
tional views showing the steps of Embodiment 6 of 
the present invention; 

Figs. 11 A, 11 B. 11 C and 11 D are schematic section- 
10 al views showing the steps of Embodiment 7 of the 
present invention; 

Fig. 1 2 is a graph showing the dependence of re- 
sistivity on the depth of a support substrate in ac- 
cordance with Embodiment 7 of the present inven- 
75 tion; 

Figs. 13A, 13B, 13C and 13D are schematic sec- 
tional views showing the steps of Embodiment 8 of 
the present invention; 

Figs. 14A, 14B, 14C and 14D are schematic sec- 
20 lional views showing the steps of Embodiment 9 of 
the present invention; 

Fig. 15 is a schematic sectional view showing a 
semiconductor substrate in accordance with the 
present invention; 
25 Fig. 16 is a schematic sectional view showing a 
semiconductor device in accordance with the 
present invention; 

Fig. 17 is a graph showing the dependence of re- 
sistivity on the depth of an SOI substrate in accord- 

20 ance with Example 1 of the present invention; 

Fig. 18 is a graph showing the dependence of re- 
sistivity on the depth of an SOI substrate in accord- 
ance with Example 4 of the present invention; and 
Figs. 19A. 19B, 190 and 19D are schematic sec- 

-35 tional views showing the production steps of an SOI 
substrate. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

40 

[0017] In order to facilitate understanding of the 
present invention, the technological findings leading to 
the accomplishment of the present invention will be de- 
scribed prior to the description of the embodiments of 
45 the present invention. 

(Experiment 1) 

[0016] A first experiment of the method of producing 
50 the SOI substrate carried out by the inventor will be de- 
scribed by reference to Figs. 19A to 19D. 
[0019] Prepared as a first base 1 is an Si wafer having 
a porous layer 11, a semiconductor layer region 12 
made of a single-crystal semiconductor, and an insulat- 
55 ing layer 2 made of silicon oxide (Fig. 1 9A). 

[0020] Specifically, a surface of an Si wafer is 
changed into a porous surface by anodizatron. thereaf- 
ter a semiconductor layer is epitaxially grown, and the 
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surface of the semiconductor layer region 1 2 undergoes 
thermal oxidation, thereby obtaining the Si wafer as il- 
lustrated in Fig. 19A. 

[0021] Alternatively, the porous layer may also be 
made by thermally oxidizing the surface of the Si wafer 
and thereafter carrying out ion implantation of hydrogen 
ions to form microbubbles in the wafer. 
[0022] Next, as illustrated in Fig. 1 9B. another Si wa- 
ter is prepared as a second base 10. for example, and 
a heat treatment is carried out at the temperature of 
about 900°C to 1200°C while a bonding surface of the 
insulating layer 2 of the above first base is kepi in contact 
with a bonding surface of Si of the second SI wafer. This 
heat treatment effects bonding of the first and second 
bases 1,10, thereby obtaining a multi-layer structure. 
Numeral 4 denotes a bonding interface. 
[0023] Then, as illustrated in Fig. 1 9C. the porous lay- 
er 1 1 and the first base 1 on the back surface side there- 
of are removed by grinding, polishing, wet etching, or 
dry etching. Allernalively the first base 1 is removed by 
splitting the bonded structure at the border of the porous 
layer 11. 

[0024] The surface (exposed surface) of the semicon- 
ductor layer region 12 obtained in this way is a rough 
surface 19 due to the effect of the porous layer 11 . 
[0025] The rough surface 1 9 is smoothed by polishing 
or by a heat treatment in a reducing atmosphere con- 
taining hydrogen. Obtained in this way is the SOI sub- 
strata having the second base 10 of the Si wafer as a 
support substrate and the semiconductor layer region 
12 of single-crystal Si thereon with the insulating layer 
(burled insulating layer) 2 therebetween. 
[0026] More specifically, the first and second bases 
used in this Experiment 1 were CZ wafers of boron (B)- 
doped p-type single-crystal Si having the resistivity of 
10 Qcm. which were easiest to get. Then the SOI sub- 
strate was produced according to the steps described 
above. 

[0027] The CZ wafers are wafers obtained from a sin- 
gle-crystal ingot formed by the Czochralski method. 
[0028] Then a transistor circuit was fabricated using 
this SOI substrate. 

[0029] However, this transistor circuit was inferior in 
high-frequency characteristics. The reason was that the 
resistance was low in the part being the support sub- 
strate (which was of the p-type CZ wafer) in the SOI sub- 
strate. 

[0030] The high-frequency characteristics were de- 
graded because of increase of parasitic capacitance in 
the structure of the SOI layer, the buried insulating film, 
and the support substrate of the SOI substrate, and in- 
crease of leak current. 

[0031] If the support substrate is an insulator like silica 
glass the resistance of the support substrate can be kept 
high. Adoption of the insulator, however, does not 
present solution to all the issues. 

[0032] Many systems for production of semiconductor 
devices arse produced for the purpose of processing 



bulk Si wafers such as the CZ wafers or the like. The 
silica glass is different from Si in such characteristics as 
thermal conductivity, coefficient of thermal expansion, 
light transmittance, and so on. Therefore, in the case of 

s processing of the SOI substrate whose support sub- 
strate is made of the insulator like silica glass, process 
parameters of the apparatus for production of semicon- 
ductor devices have to be readjusted to a considerable 
degree. For the same reason, there are cases in which 

10 considerable change may be required for structure de- 
sign and circuit design of semiconductor devices, and 
the like. 

[0033] From these aspects, use of the semiconductor 
such as Si for the support substrate is more suitable for 
^5 general purpose application. 

(Experiment 2) 

[0034] The SOI substrate was produced according to 
20 ihe aforementioned method, using wafers with a higher 
resistivity, for example, p-type FZ wafers having the re- 
sistivity of 1000 Ucm, instead of the p-type CZ wafers. 
The transistor circuit was made using it, but the high- 
frequency characteristics expected were not achieved. 

25 

(Experiment 3) 

[0035] Analysis was conducted as to impurity distri- 
bution of the SOI substrate produced in above Experi- 

30 ment 2. It was verified from the result that boron was 
detected in higherconcentratlonsnearthe surface of the 
p-type FZ wafer immediately below the buried insulating 
layer and that the region of interest was thus of the p- 
type of a high impurity concentration and had the low 

3S resistance of about 1 Qcm to 10 t^cm. 

(Experiment 4) 

[0036] The concentration of boron and the concent ra- 
"^0 tion of phosphorus were measured in a space inside a 

clean room in which the bonding and heat treatment 

were carried out in Experiment 2. 

[0037] The concentration of boron was 0.08 ng/liter, 

and the concentration of phosphorus less than 0.002 ng/ 
45 liter. 

[0038] Incidentally, the system was constructed in 
such structure that an HEPA (High Efficient Particulate 
Air) filter comprised of boron-con la in in g glass fibers was 
used in the space inside the above clean room and clean 
50 air was supplied through the HEPA filter. 

(Experiment 5) 

[0039] The concentrations of boron and phosphorus 
55 were measured in a clean room in which clean air was 
supplied through a ULPA (Ultra Low Penetration Air) fil- 
ter comprised of boron-free PTFE (polytetrafluoroethyl- 
ene) and through a boron-adsorbing chemical filter 
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[0040] The concentration of boron was less than 
0.0003 ng/literand the concentration of phosphorus less 
than 0.001 ng/liter. 

[0041] The concentrations of arsenic and antinnony 
were less than the detection limit and thus were negli- 
gible relative to the above boron concentration. 
[0042] The HEPA filter. ULPA filter, and chennical filter 
are known, for example, in Japanese Patent Application 
Laid-open Nos. 10-165730. 8-24551, and so on. 
[0043] It became apparent from the results of the 
above experiments that to maintain the semiconductor 
surface part of the support substrate at a high resistance 
was able to be achieved at a high yield and readily by 
defining the magnitude relation between the concentra- 
tion of a p-type impurity and the concentration of an n- 
type impurity in an atmosphere for execution of the 
bonding step, according to the composition of the base 
being the support substrate in the bonded semiconduc- 
tor substrate. 

[0044] Now production methods of semiconductor 
substrates will be described below according to three 
types of typical embodiments of the present invention. 
[0045] Embodiments 1 to 3 are examples where the 
base becoming the support substrate is a high-resist- 
anco semiconductor of tho p-type and whero an atmos- 
phere selected is one in which the concentration of a p- 
type impurity is lower than the concentration of an n-type 
impurity. 

(Embodiment 1) 

[0046] Figs. 1 A to 1C show a method of producing a 
semiconductor substrate according to the present in- 
vention. 

[0047] As illustrated in Fig. 1 A, for example, the Si wa- 
fer is prepared as the first base 1 and the insulating layer 
2 is formed on the surface thereof. 
[0048] Prepared as a separate base from the first 
base is the second base 3 of a high-resistance p-type 
semiconductor having the resistivity of not less than 100 
Qcm. 

[0049] The first base 1 having the insulating layer 2, 
and the second base 3. prepared as described above, 
are bonded to each other in a bonding atmosphere 20N 
as illustrated in Fig. 2. Numeral 4 designates the bond- 
ing interface. 

[0050] Fig. 2 shows a bonding space provided in a 
clean room 23, in which 21 N is a low-boron-releasing 
filter, for example such as the PTFE filter or the like, and/ 
or a boron-adsorbing chemical filter. 22 a bulkhead, 24 
a floor, and 30 a bonding device. The atmosphere 20N 
in this space is cleaned to the high cleanliness of class 
1 of Federal Standard 209D of U.S.A. or a higher clean- 
liness as occasion may demand. 
[0051] From the multi-layer structure obtained by 
bonding of the first base 1 and the second base 3, the 
first base is removed except for the semiconductor layer 
region 12 near the side of the insulating layer 2 of the 



first base by at least one removing method selected from 
grinding, polishing, etching, and so on. 
[0052] Further, the substrate obtained is subjected to 
a heat treatment in a reducing atmosphere containing 
5 hydrogen, if necessary, thereby obtaining the SOI sub- 
strate illustrated in Fig. 1C. 

[0053] Fig. 3 shows depth dependence of resistivity 
in various support substrates. 

[0054] This figure shows resistivity profiles (P11 . P12, 

^0 PI 3) of support substrates where bonding was carried 
out in various atmospheres, using the p-type Si wafer 
having the resistivity of 300 Qcm as the second base, 
and a resistivity profile (C11) of a support substrate 
where an n-type Si wafer was used as the second base. 

IS [0055] P11 indicates the resistivity profile where the 
concentration Cn of an n-type impurity moving (pene- 
trating) from the bonding atmosphere into the second 
base is two times the concentration Cp of a p-type im- 
purity contained in the second base. Pi 2 the resistivity 

20 profile where Cn is equal lo Cp, and Pi 3 the resistivity 
profile where Cn is 0.1 times Cp. 
[0056] P11 to PI 3 all show the profiles in which the 
resistivity becomes higher toward the surface of the sup- 
port substrate, i.e., toward the interface with the insulat- 

2S ing layer, and, thorofore, they arc left-increasing profiles 
in Fig. 3 in the vicinity of the buried insulating layer (at 
least within 2 \im from the interface). 
[0057] Particularly, PI 3 has no region where the pro- 
file becomes decreasing to the (eft and has the higher 

30 resistivity near the interface than that of the bulk. There- 
fore. P13 is more preferable. 

[0058] In the case where the n-type wafer having the 
resistivity of 300 Qcm is used as the second base, as 
indicated by C1 1, the n-type impurity diffuses from the 

3S bonding atmosphere into the wafer to decrease the re- 
sistivity near the interface considerably. 
[0059] The bonding atmosphere used in the present 
invention does not mean only the atmosphere at the 
place where the bonding is carried out actually, but also 

40 means an atmosphere to determine a deposition state 
of impurities on the actual bonding surface. Namely, 
where the concentration of a p-type or n-type impurity 
in the actual bonding atmosphere is so very low as not 
to cause decrease of resistivity it is dependent on an 

45 atmosphere immediately before placement of the sec- 
ond base in that atmosphere. In that case, therefore, the 
atmosphere immediately before the placement can also 
be regarded as a bonding atmosphere. 
[0060] The concentration (Nn) of an n-type impurity in 

so the bonding atmosphere is preferably not more than 0.1 
ng/liter and more preferably not more than 0.01 ng/liter 
and the concentration (Np) of a p-type impurity ip the 
tx)nding atmosphere is preferably not more than 0.01 
ng/liter and more preferably not more than 0,001 ng/liter. 

55 In addition, it is necessary to satisfy the relation of Nn > 
Np. 

[0061] As long as the relation of Nn > Np is met, lower 
limits of Nn, Np do not have to be defined; however, In 
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order to facilitate management of the atmosphere and 
restrain the production and running cost, Nn and Np 
both are preferably not less than 0.0001 ng/liter. 
[0062] The above atmosphere can be an atmosphere 
formed in a clean room or In a local clean room of a high 5 
cleanliness placed in another clean room, or an atmos- 
phere formed in a closed chamber. 
[0063] In the former case, the principal component of 
the atmosphere is the clean air of the high cleanliness 
of class 1 level as mentioned above, and in the latter io 
case, the principal component of the atmosphere can 
be an inert gas such as nitrogen, argon, helium, neon, 
or xenon, or oxygen. 

[0064] For example, in the case of a clean room using 
the boron-releasing HEPA filter without use of the PTFE is 
filter, B2O3 contained in the filter-constituting glass re- 
acts with hydrofluoric acid (HP) in the clean room to 
evolve boron fluoride {BF3) (B2O3 + 6HF -4 2BF3 + 
3H2O). 

[0065] In the bonding atmosphere of the clean room, 20 
the boron concentration is much greater than 0.01 ng/ 
liter and is higher than the phosphorus concentration in 
the same atmosphere accordingly. Therefore, when the 
bonding is carried out in such an atmosphere, the resis- 
tivity profile will bo one similar to that of C11 of Fig. 3 2s 
even if the high-resistance p-type wafer is used as the 
second base as in Experiments 2 and 3. 
[0066] The second base used in the present invention 
is of a base material containing at least a region com- 
prising a p-type semiconductor having a resistivity of not 30 
less than 100 ticm. more preferably not less than 500 
Ucm, and still more preferably not less than 1000 Qcrr\ 
on the bonding surface side. 

[0067] Particularly an Si wafer with the above resis- 
tivity produced by the floating zone process (F2 wafer) 3S 
is preferably used as the second base, but the second 
base may be a CZ wafer. 

[0068] Further, it is also preferable to form the insu- 
lating layer on the surface of the above second base 
and thereafter bond the first base thereto with the sur- 40 
face of the insulating layer as a bonding surface. 
[0069] In this case, since this insulating layer acts as 
a barrier against penetration of a p-type impurity, the re- 
gion immediately below the buried insulating layer be- 
comes more resistant to decrease of the resistivity. Si I- 45 
icon oxide is preferably used as such an insulating layer, 
and the thickness of the Insulating layer enough for the 
action as the barrier is not less than 1 00 nm and more 
preferably not less than 200 nm nor more than 1 0 ^m. 
[0070] The two bases can be bonded to each other so 
more easily without fonmation of voids or the like at the 
bonding interface when one of the bonding surfaces of 
the first and second bases to be bonded is a surface of 
a semiconductor of Si or the like and the other is a sur- 
face of an insulator such as silicon oxide or the like. ss 
[0071] In cases where two surfaces each comprised 
of an insulator are bonded to each other, it is desirable 
to bond them afteran element such as oxygen, nitrogen. 



silicon, or the like is introduced into at least one of the 
bonding surfaces by plasma ion implantation or the like. 

(Embodiment 2) 

[0072] Next described is Embodiment 2 resulting from 
partial modification of Embodiment 1 described above. 
Reference is made to "J. Electrochem, Soc, Vol. 142. 
No. 9. September 1 995, pp. 31 1 6-31 22" as to the details 
of the method of producing an SOI substrate using the 
porous layer. 

[0073] A surface of a p-type Si wafer as the first base 
1 is anodized to make the surface porous. Then a sem- 
iconductor layer region of non-porous single-crystal Si 
is formed on the porous surface by epitaxial growth. 
[0074] Then the surface of the semiconductor layer 
region 12 is oxidized to form the insulating layer 2 as 
occasion may demand. 

[0075] In this way, the first base is obtained as illus- 
trated in Fig. 4A. 

[0076] The second base 3 like the p-type FZ Si wafer 
with a high resistivity described in Embodiment 1 is pre- 
pared and is placed, together with the first base, in the 
bonding atmosphere where the p-type impurity concen- 
tration is low (Np < Nn). In the atmosphere they are 
placed so that the surface of the insulating layer 2 is in 
close contact with the surface of the p-type FZ Si wafer 
At this time a heat treatment at 900°C to 1200°C is car- 
ried out as occasion may demand. In this way the multi- 
layer structure as illustrated in Fig. 4B is obtained. 
[0077] After that, the non-porous part on the surface 
side of the first base 1 is removed by grinding, polishing, 
or etching and the porous layer 11 is removed by selec- 
tive wet etching with an etchant containing hydrogen flu- 
oride and hydrogen peroxide, thereby obtaining the SOI 
substrate as illustrated in Fig. 4C, 
[0078] Alternatively, a fluid or a wedge is driven 
against or into the side face of the multi-layer structure, 
or tension is applied in directions to separate the first 
base and the second base from each other, or the like, 
whereby the two members are separated from each oth- 
er at the border of the porous layer with a low mechan- 
ical strength, thereby obtaining an SOI substrate with 
the semiconductor layer region 12 being left on the sec- 
ond base. 

[0079] Further, the substrate is subjected to a heat 
treatment in a reducing atmosphere of hydrogen 1 00 % 
or in a reducing atmosphere of hydrogen diluted with an 
inert gas for one or more hours, whereby the rough sur- 
face 1 9 of the semiconductor layer region is smoothed 
so that the surface roughness of the SOI substrate be- 
comes sufficiently smooth to Rrms not more than 5 nm. 
[0080] The SOI substrate as illustrated in Fig. 4D is 
obtained in this way. 

[0081] Since in this SOI substrate the support sub- 
strate 3 below the buried insulating layer 2 has a suffi- 
ciently high resistivity of not less than 100 Q*cm, the 
transistor produced with this SOI substrate has less leak 
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current and can operate at a high speed. 
(Ennbodiment 3) 

[0082] Embcxjiment 3 is also an example resulting 
from partial moditication of Embodiment 1. 
[0083] As illustrated in Fig. 5A, the insulating layer 2 
is formed on the surface of the first base 1 comprised of 
a semiconductor such as the Si wafer. 
[0084] As illustrated in Fig. 5B, hydrogen ions or rare 
gas ions are implanted by ion implantation in the region 
about 100 nm to 2 |im below the lower surface of the 
insulating layer 2 of the first base 1 to form an ion-im- 
planted layer 15 for creation of microbubbles. After that, 
it may be subjected to a heat treatment at 100**C to 
400°C to evolve the microbubbles in the bn-implanted 
layer 15 if necessary. 

[0085] As illustrated in Fig. 5C, the second base 3, 
which is comprised of a semiconductor like a high-re- 
sistance p-lype Si wafer or the like as described in Em- 
bodiment 1 , is prepared and is brought into close contact 
with the insulating layer 2 in the atmosphere 20N illus- 
trated in Fig. 2. Then the substrate is subjected to a heat 
treatment at 500°C to 1200°C to aggregate the micro- 
bubbles evolved in the ion-implanted layer 15 or to new- 
ly evolve and aggregate the microparticles therein. Then 
the ion-implanted layer becomes fragile, and the first 
base 1 of the multi-layer structure is separated at the 
border of the ion-implanted layer 1 5 while the semicon- 
ductor layer region 12 is left. 

[0086] Then the exposed surface of the semiconduc- 
tor region 12 is smoothed by polishing or by a heat treat- 
ment in a reducing atmosphere containing hydrogen to 
obtain the SOI substrate with relatively good quality, 
though inferior to that of Embodiment 1, as illustrated in 
Fig. 5D. 

[0087] The SOI substrate thus obtained is one with 
the support substrate having the resistivity profile as in- 
dicated by either of P11 to P13 of Fig. 3. depending on 
the penetration amount of impurities or the distribution 
state thereof. 

[0088] Embodiments 4 to 6 described below are ex- 
amples where an n-type high-resistance semiconductor 
is used as the support substrate and where the atmos- 
phere selected is one in which the concentration of an 
n-type impurity is lower than the concentration of a p- 
type impurity. 

(Embodiment 4) 

[0089] Figs. 6A to 6C show another method of pro- 
ducing a semiconductor substrate according to the 
present invention. 

[0090] As illustrated in Fig. 6A, for example, an Si wa- 
fer is prepared as the first base 1 and an insulating layer 
2 is formed on the surface thereof. 
[0091] Prepared as a separate base from the first 
base is the second base 1 3 of a high-resistance n-type 



semiconductor having the resistivity of not less than 1 00 
Hem. 

[0092] The first base 1 having the insulating layer 2, 
and the second base 13. prepared as described above, 
5 are bonded to each other in a bonding atmosphere 20P 
as illustrated in Fig. 7. Numeral 4 designates the bond- 
ing interface. 

[0093] Fig. 7 shows the bonding space provided in 
clean room 23, in which 21 P is a boron-releasing filter, 

^0 for example such as the HEPA filter or the like, 22 the 
bulkhead. 24 the floor, and 30 the bonding device. The 
atmosphere 20P in this space is cleaned to the cleanli- 
ness of class 1 to 100 of Federal Standard 209D of U. 
S.A. as occasion may demand. 

15 [0094] From the multi -layer structure obtained by 
bonding of the first base 1 and the second base 13. the 
first base is removed except for the semiconductor layer 
region 12 near the side of the insulating layer 2 of the 
first base by one of the removing methods as discussed 

20 in above Embodiment 1 . 

[0095] Further, the substrate obtained is subjected to 
a heat treatment in a reducing atmosphere containing 
hydrogen if necessary, thereby obtaining the SOI sub- 
strate illustrated in Fig. 6C. 

25 [0096] Fig. 8 shows depth dependence of resistivity 
in various support substrates. 

[0097] Fig. 8 shows resistivity profiles (P21, P22) of 
support substrates where the n-type Si wafer having the 
resistivity of 150 ilcm was used as the second base, 

30 and a resistivity profile (C21) of a support substrate 
where the p-type Si wafer was used as the second base. 
[0098] P21 indicates the resistivity profile where the 
concentration Cp of a p-type impurity to penetrate from 
the bonding atmosphere into the second base was 

35 equal to the concentration Cn of an n-type impurity con- 
tained in the second base, and P22the resistivity profile 
where the insulating layer was formed on the surface of 
the second base before the bonding. 
[0099] P21 and P22 all show the profiles in which the 

40 resistivity becomes highertoward the surface of the sup- 
port substrate, i.e., toward the interface with the insulat- 
ing layer, and, therefore, they are left-increasing profiles 
in Fig. 8 in the vicinity of the buried insulating layer (at 
least within 3 ]JLm from the interface). 

45 [0100] Particularly, P22 has no region where the pro- 
file becomes decreasing to the left and has the higher 
resistivity near the interface than that of the bulk. There- 
fore, P22 is more preferable. 

[0101] In the case where the p-type wafer having the 
50 resistivity of 150 Qcm is used as the second base as 
indicated by C21, the p-type impurity diffuses from the 
bonding atmosphere into the water to decrease the re- 
sistivity near the interface considerably. 
[0102] The bonding atmosphere used in the present 
55 invention does not mean only the atmosphere at the 
place where the bonding is carried out actually, but also 
means an atmosphere to create the actual bonding sur- 
face. Namely, where the concentration of a p-type or n- 
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type impurity in the actual bonding atmosphere is so low 
as not to cause decrease of resistivity, it is dependent 
on an atmosphere immediately before placement of the 
second base in that atmosphere. In that case, therefore, 
the atmosphere immediately before the placement can s 
also be regarded as a bonding atmosphere. 
[0103] The concentration (Np) of a p-type impurity in 
the bonding atmosphere is preferably not more than 
0.05 ng/liter and more preferably not more than 0.004 
ng/liter and the concentration (Nn) of an n-type impurity io 
in the bonding atmosphere is preferably not more than 
0.01 ng/liter and more preferably not more than 0.002 
ng/liter. In addition, it is necessary to satisfy the relation 
of Nn < Np. 

[0104] As long as the relation of Nn < Np is met. lower is 
limits of Nn, Np do not have to be defined; however, in 
order to facilitate management of the atmosphere and 
restrain the production and running cost, Nn and Np 
both are preferably not less than 0.001 ng/liter, for which 
an expensive and high-performance filter does nol have 20 
to be used. 

[01 05] The above atmosphere can be an atmosphere 
formed in a clean room or In a local clean room of a high 
cleanliness placed in another clean room, or an atmos- 
phere formed in a closed chamber. 25 
[0106] In the former case, the principal component of 
the atmosphere is the clean air of cleanliness of class 1 
to 1000 level as mentioned above, and in the latter case, 
the principal component of the atmosphere can be an 
inert gas such as nitrogen, argon, helium, neon, or xe- 30 
non, or oxygen. 

[0107] For example, when the boron-releasing HEPA 
filter is used as in Experiment 4. the boron concentration 
in the bonding atmosphere 20P of Fig. 7 becomes high- 
er than the phosphorus concentration in the same at- 3S 
mosphere 20R Therefore, when the p-type high-resist- 
ance wafer is used as the second base in the bonding 
In this atmosphere as in Experiments 2. 3. the resistivity 
profile thereof is the result as indicated by C21 of Fig. 8. 
[0108] The second base used in the present invention 40 
is a base material containing at least a region compris- 
ing an n-type semiconductor having the resistivity not 
less than 1 00 Qcm, more preferably the resistivity of not 
less than 500 ficm, and still more preferably the resis- 
tivity of not less than 1000 i'lcm on the bonding surface 45 
side. 

[0109] When the insulating layer as a barrier is not 
formed, there are cases in which it is preferable to use 
the n-type semiconductor having the resistivity not less 
than 100 ncm nor more than 500 ^icm, as the second so 
base. Particularly, the FZ wafer with the above resistivity 
is preferably used, but the CZ wafer can also be appli- 
cable. 

[0110] Further, it is also preferable to form the insulat- 
ing layer on the bonding surface side of the above sec- ss 
ond base and thereafter bond the first base thereto with 
the surface of the insulating layer as a bonding surface. 
[0111] In this case, since this insulating layer acts as 



a barrier against penetration of a p-type impurity, the re- 
gion immediately below the buried insulating layer be- 
comes more resistant to decrease of the resistivity. Sil- 
icon oxide is preferably used as such an insulating layer, 
and the thickness of the insulating layer enough for the 
action as a barrier is not less than 100 nm and more 
preferably not less than 200 nm nor more than 10 jam. 
[0112] The two bases can be bonded to each other 
more easily without formation of voids or the like at the 
bonding interface when one of the bonding surfaces of 
the first and second bases to be bonded is a surface 
comprised of a semiconductor of Si or the like and the 
other is a surface comprised of an insulator such as sil- 
icon oxide or the like. 

[0113] In cases where surfaces of insulators are 
bonded to each other, it is desirable to bond them after 
an element such as oxygen, nitrogen, silicon, or the like 
is introduced into at least one of the bonding surfaces. 

(Embodiment 5) 

[0114] Next described is Embodiment 5 resulting from 
partial modification of Embodiment 4 described above. 
[0115] The surface of the p-type Si wafer as the first 
base 1 is anodized to make the surface porous. Then 
the semiconductor layer region of non-porous single- 
crystal Si is formed on the porous surface by epitaxial 
growth. 

[0116] Then the surface of the semiconductor layer 
region 12 is oxidized to form the insulating layer 2 as 
occasion may demand. 

[0117] In this way. the first base is obtained as illus- 
trated in Fig. 9A. 

[0118] The second base 13 like the n-type FZ Si wafer 
with a high resistivity described in Embodiment 4 is pre- 
pared and is placed, together with the first base, in the 
bonding atmosphere where the n-type impurity concen- 
tration is low (Np > Nn). In the atmosphere they are 
placed so that the surface of the insulating layer 2 is in 
close contact with the surface of the n-type FZ wafer At 
this time a heat treatment at QOC^C to 1200°C is carried 
out as occasion may demand. In this way the multi-layer 
structure as illustrated in Fig. 9B is obtained. 
[0119] After that, the non-porous part on the surface 
side of the first base 1 Is removed by grinding, polishing, 
or etching and the porous layer 11 is removed by selec- 
tive wet etching with an etchant containing hydrogen flu- 
oride and hydrogen peroxide, thereby obtaining the SOI 
substrate as illustrated in Fig. 9C. 
[0120] Alternatively, a fluid or a wedge is driven 
against or into the side face of the multi-layer structure, 
or tension is applied in directions to separate the first 
base and the second base from each other, or the like, 
whereby the two members are separated from each oth- 
er at the border of the porous layer with low mechanical 
strength, thereby obtaining the SOI substrate with the 
semiconductor layer region 12 being left on the second 
base 13. 
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[0121] Further, the substrate is subjected to a heat 
treatment in a reducing atnnosphere of hydrogen 100 % 
or in a reducing atnnosphere of hydrogen diluted with an 
inert gas for one or more hours, whereby the rough sur- 
face of the semiconductor layer region is smoothed so 
that the surface roughness of the SOI substrate be- 
comes sufficiently smooth to Rrms not more than 5 nm. 
[0122] The SOI substrate as illustrated in Fig. 9D is 
obtained in this way. 

[0123] Since in this SOI substrate the support sub- 
strate 1 3 below the buried insulating layer 2 has the suf- 
ficiently high resistivity of not less than 100 ihcm, the 
transistor produced with this SOI substrate has less leak 
current and can act at a high speed 

(Embodiment 6) 

[0124] Embodiment 6 is also an example resulting 
from partial modification of Embodiment 4. 
[01 25] As illuslraled in Fig. 1 0A, the insulating layer 2 
is formed on the surface of the first base 1 comprised of 
a semiconductor such as the Si water. 
[01 26] As ifiustrated in Fig. 1 0B, hydrogen ions or rare 
gas ions are implanted by ion implantation in the region 
about 100 nm to 2 jxm below the lower surface of the 
insulating layer 2 of the first base 1 to form an ion-im- 
planted layer 15 for creation of microbubbles. Then, it 
may be subjected to a heat treatment at 1 00° C to 400''C 
to evolve the microbubbles in the ion-implanted layer 1 5 
if necessary. 

[01 27] As illustrated in Fig. 1 0C. the second base 1 3, 
which is comprised of a semiconductor such as the high- 
resistance p-type Si wafer or the like as described in 
Embodiment 4, is prepared and is brought into close 
contact with the insulating layer 2 in the atmosphere 20P 
illustrated in Fig. 7. Then the substrate is subjected to a 
heat treatment at 500'*C to 1 200**C to aggregate the mi- 
crobubbles evolved in the ion-implanted layer 15 or to 
newly evolve and aggregate the microparticles therein. 
Then the ion-implanted layer becomes fragile, and the 
first base 1 of the multi-layer structure is separated at 
the border of the ion-implanted layer 15 while the sem- 
iconductor layer region 12 is left. 
[01 28] Then the exposed surface of the semiconduc- 
tor region 1 2 is smoothed by polishing or by a heat treat- 
ment in a reducing atmosphere containing hydrogen to 
obtain the SOt substrate with relatively good quality, 
though inferior lo lhal of Embodiment 4, as illuslraled in 
Fig. 10D. 

[0129] The SOI substrate thus obtained is one with 
the support substrate having ihe resistivity profile as in- 
dicated by either P21 or P22 of Fig. 8, depending on the 
penetration amount of impurities or the distribution state 
thereof. 

[01 30] Embodiments 7 to 9 described below are ex- 
amples where the base becoming the support substrate 
is a high-resistance n-type semiconductor with an insu- 
lating film and where the atmosphere selected is one in 



which the concentration of a p-type impurity is lower 
than the concentration of an n-type impurity. 

(Embodiment 7) 

5 

[0131] Figs. 11A to 11 D show another method of pro- 
ducing a semiconductor substrate according to the 
present invention. 

[01 32] As illustrated in Fig. 1 1 A, the second substrate 
10 16 prepared is one of a high-resistance n-type semicon- 
ductor having the resistivity of not less than 300 ilcm, 
and the insulating layer 5 is formed at least on the upper 
surface thereof. 

[0133] As illustrated in Fig. 11B, for example, the Si 

75 wafer is prepared as the first base 1 . 

[01 34] The second base 1 6 having the insulating layer 
5 on the bonding surface side, and the first base 1 , pre- 
pared in this way, are bonded in the bonding atmos- 
phere 20N as illustrated in Fig, 2. Numeral 4 designates 

20 the bonding interface, 

[01 35] Fig. 2 shows the bonding space provided in the 
clean room 23, in which 21 N is the low-boron-releasing 
filter, for example such as the PTFE filter or the like, and/ 
or the boron-adsorbing chemical filter. 22 the bulkhead, 

25 24 the floor, and 30 the bonding device. The atmosphoro 
20N in this space is cleaned to the high cleanliness of 
class 1 as mentioned above or a higher cleanliness as 
occasion may demand. 

[0136] From the multi-layer structure obtained by 
30 bonding of the first base 1 and the second base 16, the 
first base is removed except for the semiconductor layer 
region 12 near the side of the insulating layer 5 of the 
first base by one of the removing methods as in Embod- 
iment 1 . 

35 [01 37] Further, the substrate obtained is subjected to 
a heat treatment in a reducing atmosphere containing 
hydrogen if necessary, thereby obtaining the SOI sub- 
strate illustrated in Fig. 11D. 

[01 38] Fig. 1 2 shows depth dependence of resistivity 
40 in a support substrate according to the present embod- 
iment. 

[0139] Fig. 1 2 shows the resistivity profile (P31 ) of the 
support substrate where the bases were bonded to each 
other in an atmosphere containing a relatively large 

45 amount of an n-type impurity, using an n-type Si wafer 
of the resistivity 6000 Qcm with the insulating layer 
formed on the surface, as the second base, and the re- 
sistivity profile (C31) of a support substrate as a com- 
parative example. 

so [0140] P31 indicates the resistivity profile of the sup- 
port substrate according to the present invention. 
[0141] P31 demonstrates a profile in which the resis- 
tivity gradually decreases toward the interface with the 
insulating layer. i.e.» a left-decreasing profile in Fig. 12, 

55 in the vicinity of the part immediately bebw the buried 
insulating layer (at least within 0.3 ^m from the inter- 
face). 

[0142] Particularly, in the case of P31 , since the insu- 
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lating layer 5 is formed on the second base before the 
bonding, this insulating layer acts to innpede penetration 
of an impurity, so that there is little decrease of the re- 
sistivity near the interface, 

[0143] As indicated by C31 . in cases where the n-type 
wafer having the resistivity of 6000 Ucm is used as the 
second base and where the bases are bonded to each 
other without forming the insulating layer as a barrier on 
the bonding surface of the second base, because the 
second base itself is the semiconductor of the low im- 
purity concentration, more n-type impurity diffuses from 
the bonding atmosphere into the n-lype wafer to form a 
region of relatively strong n-type near the interface and 
decrease the resistivity considerably even if the adsorp- 
tion amount of the n-type impurity is extremely small (- 
1 X 10i> atoms/cm2). 

[0144] The bonding atmosphere used in the present 
invention does not mean only the atmosphere at the 
place where the bonding is carried out actually, but also 
means an atmosphere lo create the actual bonding sur- 
face. Namely, where the concentration of a p-type or n- 
type impurity in the actual bonding atmosphere is so low 
as not to cause decrease of resistivity, it is dependent 
on an atmosphere immediately before placement of the 
second base in that atmosphere. In that case, therefore, 
the atmosphere immediately before the placement can 
also be regarded as a bonding atmosphere. 
[0145] The concentration (Nn) of an n-type impurity in 
the bonding atmosphere is preferably not more than 0. 1 
ng/liter and more preferably not more than 0.01 ng/liter 
and the concentration (Np) of a p-type impurity in the 
bonding atmosphere is preferably not more than 0.01 
ng/liter and more preferably not more than 0.001 ng/liter. 
In addition, it is necessary to satisfy the relation of Nn > 
Np. 

[0146] As long as the relation of Nn > Np is met. it is 
not significant to define the lower limits of Nn, Np; how- 
ever, in order to facilitate management of the atmos- 
phere and restrain the production and running cost, Nn 
and Np both are preferably not less than 0.0001 ng/liter, 
for example, by decreasing exchange frequency of fil- 
ters. 

[01 47] The above atmosphere can be an atmosphere 
formed in a clean room or in a local clean room of a high 
cleanliness placed in another clean room, or an atmos- 
phere formed in a closed chamber 
[0148] In the former case, the principal component of 
the atmosphere is the clean air of the high cleanliness 
of class 1 level as mentioned above, and in the latter 
case, the principal component of the atmosphere can 
be an inert gas such as nitrogen, argon, helium, neon, 
or xenon, or oxygen. 

[01 49] For example, in cases where the boron-releas- 
ing HE PA filter is used without using the PTFE filter, the 
boron concentration in the bonding atmosphere of the 
clean room becomes much higher than 0.01 ng/liter and 
higher than the phosphorus concentration in the same 
atmosphere. Therefore, when the bonding is carried out 



in such an atmosphere, it is hard to use the high-resist- 
ance p-type wafer as the second base. The reason is 
that the surface on the bonding surface side lends to 
become of much stronger p-type. In such cases the re- 

5 sistivity profile will have the surface side of lower resist- 
ance as indicated by C31 of Fig. 12. 
[01 50] The second base used in the present invention 
is a base having at least the bonding surface covered 
with an insulating layer and having at least a region com- 
prising an n-type semiconductor immediately below the 
insulating layer, the n-type semiconductor having the re- 
sistivity of not less than 300 Ucm, more preferably the 
resistivity of not less than 500 ticm, and still more pref- 
erably the resistivity of not less than 1000 ricm. Partic- 

75 ularly, an FZ Si wafer with the above resistivity having 
the surface covered with the insulating layer is prefera- 
bly used, but a CZ water covered with the insulating lay- 
er can also be applicable, 

[0151] Further, it is also preferable to form the insu- 
^0 lating layer on the surface of the above first base and 
thereafter bond it to the surface of the insulating layer 
of the second base, with the surface of the insulating 
layer of the first base being used as a bonding surface. 
[01 52] Since the insulating layer covering the surface 
25 of the second base acts as a barrier against penotration 
of a p-type impurity, the region immediately below the 
buried insulating layer becomes more resistant to de- 
crease of the resistivity Silicon oxide is preferably used 
as such an insulating layer, and the thickness of the in- 
30 sulating layer enough for the action as a barrier is not 
less than 100 nm and more preferably not less than 200 
nm nor more than 10 jim. 

[0153] The bonding surfaces of the first and second 
bases to be bonded can be bonded to each other more 

35 easily without formation of voids or the like at the bond- 
ing interface when the bonding surface of the first base 
is a surface comprised of a semiconductor of Si or the 
like and the other is a surface comprised of an insulator 
such as silicon oxide or the like. 

"^0 [0154] In cases where surfaces of insulators are 
bonded to each other, it is more important to bond the 
surfaces after an element such as oxygen, nitrogen, sil- 
icon, or the like is introduced into at least one of the 
bonding surfaces by plasma ion implantation or the like. 

45 

(Embodiment 8) 

[01 55] Next described is Embodiment 8 resulting from 
partial modification of Embodiment 7 described above. 
50 [0156] The surface of the p-type Si wafer as the first 
base 1 is anodized to make the surface porous. Then 
the semiconductor layer region 12 of non-porous single- 
crystal Si is formed on the porous surface by epitaxial 
growth. 

55 [0157] Then the surface of the semiconductor layer 
region 12 is oxidized to form the insulating layer 2 as 
occasion may demand. 

[0158] In this way. the first base is obtained as illus- 
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trated in Fig. 13A. 

[01 59] The second base 1 6 like the n-type FZ Si water 
of the high resistivity described in Embodiment 7 is pre- 
pared and the insulating layer 5 as a barrier is formed, 
fqr example, by thermal oxidation of at least the upper s 
surface thereof or the like. Then the surface of at least 
one of the insulating layer 2 and the insulating layer 5 
is subjected to a plasma process as occasion may de- 
mand. Then the second base, together with the first 
base, is placed in the bonding atmosphere having the io 
low p-type impurity concentration (Np < Nn) and they 
are kept in close contact with each other. At this time a 
heat treatment is carried out at 900°C to 1200°C if nec- 
essary. The multi-layer structure as illustrated in Fig. 
1 3B is obtained in this way. is 
[0160] After that, the non-porous part on the surface 
side of the first base 1 is removed by grinding, polishing, 
etching, or the like and the porous layer 11 is removed 
by selective wet etching with an etchant containing hy- 
drogen fluoride and hydrogen peroxide, thereby obtain- 20 
ing the SOI substrate as illustrated in Fig. 1 3C. 
[0161] Alternatively, a fluid or a wedge is driven 
against or into the side face of the multi-layer structure, 
or tension is applied in directions to separate the first 
base and the second base from each other, or the like. 25 
whereby the two members are separated from each oth- 
er at the border of the porous layer with low mechanical 
strength, thereby obtaining the SOI substrate with the 
semiconductor layer region 12 being left on the second 
base. 30 
[0162] Further, the substrate is subjected to a heat 
treatment in a reducing atmosphere of hydrogen 100 % 
or in a reducing atmosphere of hydrogen diluted with an 
inert gas for one or more hours, whereby the rough sur- 
face 19 of the semiconductor layer region is smoothed 3S 
so that the surface roughness of the SOI substrate be- 
comes sufficiently smooth to Rrms not more than 5 nm. 
[0163] The SOI substrate as illustrated In Fig. 13D is 
obtained in this way. 

[0164] Since in this SOI substrate the support sub- 40 
strate 1 6 below the buried insulating layer 2 has the suf- 
ficiently high resistivity of not less than 100 Ocm and 
more preferably not less than 1000 Qcm, the transistor 
produced with this SOI substrate has less parasitic ca- 
pacitance and can operate at a high speed. 4S 

(Embodiment 9) 

[0165] Embodiment 9 is also an example resulting 
from partial modification of Embodiment 7. so 
[0166] As illustrated in Fig. 14A, the insulating layer 2 
is formed on the surface of the first base 1 comprised of 
a semiconductor such as the Si wafer. 
[0167] As illustrated in Fig. 14B, hydrogen ions or rare 
gas ions are implanted by ton implantation in the region S5 
about 100 nm to 2 ^im below the lower surlace of the 
insulating layer 2 of the first base 1 to form an ion-im- 
planted layer 15 for creation of microbubbles. Then, it 



may be subjected to a heat treatment at 1 00**C to 400**C 
to evolve the microbubbles in the ion-implanted layer 1 5 
if necessary. 

[01 68] As illustrated in Fig. 1 4C, the second base 1 6. 
which is comprised of a semiconductor such as the high- 
resistance n-type Si wafer or the like as described in 
Embodiment 7. is prepared, and the insulating layer 5 
to become a barrier is formed on the surface thereof. 
The second base is then kept in close contact with the 
insulating layer 2 in the atmosphere 20N illustrated in 
Fig. 2. Then the substrate is subjected to a heat treat- 
ment at 500°C to 1 200°C to aggregate the microbubbles 
evolved in the ion-implanted layer 15 or to newly evolve 
and aggregate the microparticles therein. Then the ion- 
implanted layer becomes fragile, and the first base 1 of 
the multi-layer structure is separated at the border of the 
ion-implanted layer 1 5 while the semiconductor layer re- 
gion 1 2 is left. 

[0169] Then the exposed surface of the semiconduc- 
tor region 12 is smoothed by polishing or by a heal treat- 
ment in a reducing atmosphere containing hydrogen to 
obtain the SOI substrate with relatively good quality, 
though inferior to that of Embodiment 7, as illustrated in 
Fig. 14D. 

[0170] The SOI substrate thus obtained is one with 
the support substrate having the resistivity profile as in- 
dicated by P31 of Fig. 12. 

(Embodiment 10) 

[0171] Fig. 1 5 is a schematic, sectional view of a sem- 
iconductor substrate according to the present invention. 
[0172] This semiconductor substrate has a semicon- 
ductor layer region 41 of a single-crystal semiconductor 
through an insulating layer 42 on a support substrate 43 
of a semiconductor, and the resistivity of semiconductor 
surface portion 44s immediately below the insulating 
layer 42 is not less than 100 Qcm, more preferably not 
less than 500 Ocm, and still more preferably not less 
than 1 000 Qcm. 

[01 73] Since the resistance of the semiconductor sur- 
face portion 44s is high as described above, the capac- 
itance is low in the structure composed of the semicon- 
ductor layer region 41, the insulating layer 42, and the 
support substrate 43. 

(Embodiment 11) 

[01 74] Fig. 1 6 is a schematic, sectional view of a sem- 
iconductor device according to the present invention. 
[0175] This semiconductor device is produced by 
subjecting the semiconductor substrate illustrated in 
Fig. 1 5 to various processes and a transistor is fabricat- 
ed in this semiconductor substrate. 
[0176] In order to accomplish the LDD (Lightly Doped 
Drain) structure, source and drain regions 46, 47 of mu- 
tually different impurity concentrations are formed in the 
semiconductor layer region 41 . 
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[0177] Numeral 45 designates an insulator for ele- 
ment isolation, 48 a gate electrode of polysilicon, sili- 
cide, metal, or the like, 49 a gate insulating film of silicon 
oxide or the like. 50 a channel region, 51 an insulating 
film, 52 source and drain electrodes of a metal such as 
aluminum, copper, or the like buried in contact holes 
formed in the insulating film 51, and 53 a barrier metal 
made ot a high-melting-point metal (refractory metal), 
silicide, electrically conductive nitride, or the like. 
[0178] An integrated circuit fabricated using the 
above-stated transistor according to the present inven- 
tion demonstrates good high-frequency characteristics 
with little leak current and with a high cut-off frequency, 
because the region 44 near the semiconductor surface 
immediately below the buried insulating layer 42 has the 
high resistance. 

[0179] Further, the transistor may also be any other 
transistor than the MOS transistor of the LDD structure; 
for example, a bipolar transistor or the like. 

(Embodiment 12) 

[0180] Embodiment 12 is an example in which there 
is a region with increasing resistivity toward the top in 
the figure in the vicinity 44 of the semiconductor surface 
in order to increase the resistance of the semiconductor 
surface portion 44s of the support substrate 43 Illustrat- 
ed in Fig. 15. Such a region with gradually increasing 
resistivity can be formed by forming a pn junction in the 
vicinity 44 of the semiconductor surface or by introduc- 
ing a small amount of an impurity of the opposite con- 
ductivity type into the surface side of the semiconductor 
surface vicinity 44. 

[0181] The present embodiment permits the resistiv- 
ity of the semiconductor surface portion 44s of the sup- 
port substrate 43 to be maintained readily in the range 
of not less than 100 Qcm, more preferably in the range 
of not less than 500 Qcm, and still more preferably in 
the range ot not less than 1000 Qcm. 

(Example 1) 

[0182] A C2 wafer of p-type (100) single-crystal Si 
having the diameter of 6 inches and the thickness of 600 
\im was anodized in 50 % HP solution. The current den- 
sity at this time was 10 mA/cm^ a porous layer having 
the thickness of 20 ^m was formed in the surface 10 
minutes after. Then an Si epitaxial layer was grown in 
the thickness of 0.5 pm on this p-type porous Si layer 
by a low pressure CVD process. The deposition condi- 
tions were as follows. 

Gas: SiH2Cl2 (0.6 liter/min). H2 (100 liter/min) 
Temperature; 850° C 
Pressure: 50 Torr 
Growth rate: 0.1 jinn/min. 

[0183] Next, the surface of this epitaxial layer was 



thermally oxidized by the thickness of 50 nm. A p-type 
FZ Si wafer having the resistivity of 5000 Qcm was over- 
laid on the thermally oxidized film of the resultant C2 
wafer in a clean air atmosphere having the boron con- 
5 centration of 0.0003 ng/liter and the phosphorus con- 
centration of 0.001 ng/liter by the use of the system as 
illustrated in Fig. 2 and the two wafers were bonded to 
each other firmly by heating them at 900°C for one and 
a half hours. 

70 [0184] The concentrations of arsenic and antimony 
were negligibly lower than the boron concentration. 
[0165] After that, the resultant substrate was ground 
by 580 fim from the back surface side of the CZ wafer, 
and then was subjected to reactive ion etching so as to 

^5 expose the porous layer. 

[0186] After that, the exposed porous layer underwent 
selective etching with a mixture solution ot hydrofluoric 
acid and hydrogen peroxide. Only the single-crystal Si 
layer epitaxially grown was left without being etched 15 

20 minutes after and the porous Si layer was completely 
removed selectively. 

[0187] The etching rate of the non-porous Si single- 
crystal against the etchant was extremely low, approxi- 
mately 40 A even 15 minutes after, so that the etch se- 

25 loctivity of the etching rate of the porous Si layer was 
extremely large; therefore, etch amounts in the non -po- 
rous Si layer were almost practically negligible. 
[0188] The SOI substrate formed in this way was put 
in a heat treatment furnace to be heat treated at 11 50**C 

30 in a 1 00 % hydrogen atmosphere for four hours, thereby 
obtaining the SOI substrate smoothed to the surface 
roughness of Rrms = 2 nm or less. 
[0189] The support substrate below the buried insu- 
lating layer in this substrate was analyzed by SI MS anal- 

3S ysis and it was verified that phosphorus penetrated up 
to the area around 1 jim from the surface to increase 
the phosphorus concentration therein. 
[01 90] The resistivity profile of the substrate is one in- 
dicated by PI 4 of Fig. 17. It is thus seen that the layer 

40 region with increasing resistivity toward the surface (the 
region 0.5 |im to 1 jim deep) is formed near the surface 
of the support substrate. 

(Example 2) 

45 

[0191] Before the bonding in Example 1 . the surface 
of the p-type Si FZ wafer having the resistivity of 5000 
Qcm was thermally oxidized to form an insulating layer 
of silicon oxide in the thickness of 300 nm. 

so [0192] The bonding surface of the insulating layer was 
then exposed to a nitrogen plasma and thereafter the 
substrates, were bonded to each other in the low-boron- 
concentration atmosphere as in Example 1. 
[01 93] The SOI substrate was obtained in like manner 

55 as in Example 1 except for the above. 

[01 94] The resistivity profile of the surface of the sup- 
port substrate of this SOI substrate was one indicated 
by P15 of Fig. 17. It is thus seen that the layer region 



13 

BNSDOCID:<EP 097501 1A1 I > 



23 



EP0 975 Oil A1 



24 



with gradually increasing resistivity toward the surface 
(the region 0 to 0.5 deep) is formed near the surface 
of the support substrate. 

(Example 3) 

[0195] A C2 wafer of p-type (100) single-crystal Si 
having the diameter of 6 inches and the thickness of 600 
jam was anodized in 50 % HF solution. The current den- 
sity at this time was 10 mA/cm^. A porous layer having 
the thickness of 20 |im was formed in the surface 10 
minutes after. Then an Si epitaxial layer was grown in 
the thickness of 0.5 on this p-type porous Si layer 
by the low pressure CVD process. The deposition con- 
ditions were as follows. 

Gas: SiHgClg (0.6 iiter/min), Hg (100 liter/min) 
Temperature: SSO'^C 
Pressure: 50 Torr 
Growth rale: 0.1 ^im/min. 

[0196] Next, the surface of this epitaxial layer was 
thermally oxidized by the thickness of 50 nm. An n-type 
FZ Si wafer having the resistivity of 150 Qcm was over- 
laid on the thermally oxidized film thus obtained, in a 
clean air atmosphere having the boron concentration of 
0.004 ng/liter and the phosphorus concentration of 
0.002 ng/liter by the use of the system as illustrated in 
Fig. 7 and the two wafers were bonded to each other 
firmly by heating them at 900**C for one and a half hours. 
[0197] After that, grinding and reactive ion etching 
were carried out by 580 jam from the back surface side 
of the CZ wafer to expose the porous layer 
[01 98] After that, the exposed porous layer underwent 
selective etching with the mixture solution of hydrofluo- 
ric acid and hydrogen peroxide. Only the single-crystal 
Si layer epttaxially grown was left without being etched 
1 5 minutes after and the porous Si layer was completely 
removed selectively 

[0199] The SOI substrate formed in this way was put 
in the heat treatment furnace to be heat treated at 
1 1 50**C in a 1 00 % hydrogen atmosphere for four hours, 
thereby obtaining the SOI substrate smoothed to the 
surface roughness of Rrms = 2 nm or less. 
[0200] The support substrate below the buried insu- 
lating layer In this substrate was analyzed by SIMS anal- 
ysis and it was verified that boron penetrated up to the 
area around 1 |j.m from the surface to increase the boron 
concentration therein. 

[0201] Further, the resistivity profile was similar to that 
indicated by P21 of Fig. 8. It was thus verified that a pn 
junction was formed in the layer region (the region 0 to 
3 \im deep) near the surface of the support substrate. 

(Example 4) 

[0202] Before the bonding in Example 3, the surface 
of the n-type Si FZ wafer having the resistivity of 700 



Qcm was thermally oxidized to form an insulating layer 
of silicon oxide in the thickness of 300 nm. 
[0203] The bonding surface of the insulating layer was 
then exposed to the nitrogen plasma and thereafter the 

5 substrates were bonded to each other in the high-boron- 
concentration atmosphere as in Example 3. 
[0204] The SOI substrate was obtained in like manner 
as in Example 3 except for the above. 
[0205] The resistivity profile of the surface of the sup- 

10 port substrate of this SOI substrate was one indicated 
by P23 of Fig. 18. It was thus verified that a pn junction 
was formed in the layer region (the region 0 to 2 iim 
deep) near the surface of the support substrate. 

IS (Example 5) 

[0206] A CZ wafer of p-type (100) single-crystal Si 
having the diameter of 6 inches and the thickness of 600 
|jm was anodized in 50 % HF solution. The current den- 

20 sity at this lime was 10 mA/cm^. A porous layer having 
the thickness of 20 |am was formed in the surface of the 
CZ wafer 10 minutes after Then an Si epitaxial layer 
was grown in the thickness of 0.5 lam on this p-type po- 
rous Si layer by the low pressure CVD process. The dep- 

2S OS it ion conditions wore as follows. 

Gas: SiHgCIa (0.6 liter/min). H2 (100 liter/min) 
Temperature: 850'*C 
Pressure: 50 Torr 
30 Growth rate: 0.1 jinrv^min. 

[0207] Besides it, an n-type FZ wafer having the re- 
sistivity of 6000 n-cm was prepared and the insulating 
layer becoming a barrier was formed in the thickness of 
55 300 nm by thermal oxidation. The n-type FZ Si wafer 
having the resistivity of 6000 Ocm and provided with the 
insulating layer was overlaid on the surface of the epi- 
taxial layer in a clean air atmosphere having the boron 
concentration of 0.0003 ng/liter and the phosphorus 
concentration of 0.001 ng/liter by the use of the system 
as illustrated in Fig. 2 and the two wafers were bonded 
to each other firmly by heating them at 900"C for one 
and a half hours. The concentrations of arsenic and an- 
timony were negligibly smaller than the boron concen- 
tration. 

[0208] After that, grinding and reactive ion etching 
were carried out by 580 jam from the back surface side 
of the CZ wafer lo expose the porous layer 
[0209] After that, the porous layer underwent selec- 

50 tive etching with the mixture solution of hydrofluoric acid 
and hydrogen peroxide. Only the single-crystal Si layer 
was left without being etched 15 minutes after and the 
porous Si layer was completely removed selectively. 
[0210] The SOI substrate formed in this way was put 

55 in the heat treatment furnace to be heat treated at 
HSO^'C in the 100 % hydrogen atnnosphere for four 
hours, thereby obtaining the SOI substrate smoothed to 
the surface roughness of Rrms = 2 nm or less. 
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[0211] The support substrate below the buried insu- 
lating layer in this substrate was analyzed by SIMS anal- 
ysis and it was verified that phosphorus penetrated up 
to the area around 0.3 |im from the surface to increase 
the phosphorus concentration slightly therein. 
[0212] Further, the resistivity profile of the substrate 
was similar to that indicated by P31 of Fig. 12. 

(Example 6) 

[0213] Example 6 is different from Example 5 in that 
prior to the bonding in Example 5. an insulating layer of 
silicon oxide 50 nm thick was formed by thermal oxida- 
tion of the surface of the epitaxial layer on the CZ wafer 
as the first base. 

[0214] Then the bonding surface of the insulating lay- 
er was exposed to the nitrogen plasma and thereafter 
the bonding surfaces were bonded to each other in the 
low-boron-concentration atmosphere as in Example 5. 
[021 5] The SOI substrate was obtained in like manner 
as in Example 5 except for the above. 
[0216] The resistivity profile of the surface of the sup- 
port substrate in this SOI substrate was one as indicated 
by P31 of Fig. 12. 

[0217] According to tho present invention, when pro- 
ducing an SOI substrate, it is possible to restrain the 
resistivity of the vicinity of the surface of the support sub- 
strate from decreasing near the surface of the support 
substrate immediately below the insulating layer, there- 
by providing a semiconductor substrate that can be an 
SOI substrate suitable for production of high-frequency 
transistors. 



the concentration of the p-type impurity is made 
lower than the concentration of the n-type impurity 
in the atmosphere in the bonding step, and wherein 
when at least a portion of the second base on the 
s bonding surface side is a p-type semiconductor 
having a resistivity of not less than 100 i2cm. the 
concentration of the p-type impurity is made lower 
than the concentration of the n-type impurity in the 
atmosphere in the bonding step. 

10 

3. The method of producing the semiconductor sub- 
strate according to Claim 1 or 2, wherein the con- 
centration of the p-type impurity is the concentration 
of boron and the concentration of the n-type impu- 
rity is the concentration of phosphorus. 

4. the method of producing the semiconductor sub- 
strate according to Claim 1 or 2, wherein the con- 
centration of the p-type impurity is the concentration 
of boron and is not more than 0.05 ng/Mter, and 
wherein the concentration of the n-type impurity is 
the concentration of phosphorus and is not more 
than 0.1 ng/liter 

5. Tho method of producing the semiconductor sub- 
strate according to Claim 1 or 2. wherein the second 
base is an FZ silicon wafer. 

6. The method of producing the semiconductor sub- 
strate according to Claim 1 or 2, wherein in or after 
the bonding step, a heat treatment is carried out at 
a temperature not less than QOC^C. 
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Claims 

1. A method of producing a semiconductor substrate 
comprising a step of bonding a first base comprising 
a semiconductor layer region to a second base and 
a step of removing the first base while leaving the 
semiconductor layer region on the second base, 

wherein according to the composition of the 
second base, a magnitude relation is established 
between the concentration of an n-type impurity and 
the concentration of a p-type impurity in an atmos- 
phere for carrying out the bonding step. 

2. The method of producing the semiconductor sub- 
strate according to Claim 1, wherein when at least 
a portion of the second base on the bonding surface 
side is an n-type semiconductor having a resistivity 
of not less than 100 Qcm, the concentration of the 
n-type impurity is made lower than the concentra- 
tion of the p-type impurity in the atmosphere in the 
bonding step, wherein when at least a portion of the 
second base on the bonding surface side is an n- 
type semiconductor having a resistivity of not less 
than 300 Qcm and covered with an insulating layer. 



7. The method of producing the semiconductor sub- 
3S strate according to Claim 1 or 2, wherein the resis- 
tivity of a semiconductor surface portion of the sec- 
ond base forming the semiconductor substrate is 
not less than 100 Ocm. 

40 8. The method of producing the semiconductor sub- 
strate according to Claim 1 or 2, wherein a region 
with increasing resistivity toward a surface of the 
second base is formed in the vicinity of the semi- 
conductor surface of the second base forming the 
semiconductor substrate. 

9. A semiconductor substrate having the SOI struc- 
ture, which is produced by the method of producing 
the semiconductor substrate as set forth in Claim 1 

so or 2. 

10. A semiconductor substrate having a semiconductor 
layer region comprising a single-crystal semicon- 
ductor through an insulating layer on a support sub- 

55 strate comprising a semiconductor, 

wherein the support substrate has such a 
composition that a sembonductor surface portion 
immediately below the insulating layer isasemicon- 
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ductor having a resistivity of not less than 1 00 ncm 
and/or such a composlt.'on that the support sub- 
strate has a region with Increasing resistivity toward 
the insulating layer in the direction of thickness 
thereof. 5 

11. The method of producing the semiconductor sub- 
strate according to Claim 1. wherein the bonding 
step is carried out in an atmosphere in which the 
concentration of the n-type impurity is lower than io 
the concentration of the p-type impurity, and where- 
in the second base is a base comprising a portion 
comprising an n-type semiconductor having a resis- 
tivity o1 not less than 100 Qcm on the bonding sur- 
face side. 15 

12. The method of producing the semiconductor sub- 
strate according to Claim 1 1 , wherein after an insu- 
lating layer is formed on a surface of the semicon- 
duclor layer region, the first base is bonded to the 20 
second base. 

1 3. The method of producing the semiconductor sub- 
strate according to Claim 11, wherein the second 
base has an insulating layer on the bonding surface ^5 
side. 

14. The method of producing the semiconductor sub- 
strate according to Claim 11, wherein the concen- 
tration of the p-type impurity penetrating from the 30 
atmosphere into the second base is not less than 

0.1 times nor more than 2 times the concentration 
of an n-type impurity In the second base. 

15. The method of producing the semiconductor sub- 3S 
strate according to Claim 11, wherein the second 
base is an FZ Si wafer. 

16. The method of producing the semiconductor sub- 
strate according to Claim 1 1 , wherein the atmos- 40 
phere comprises clean air supplied through a bo- 
ron-releasing filter. 

17. The method of producing the semiconductor sub- 
strate according to Claim 1 1 , wherein the n-type im- 45 
purity Is phosphorus. 

18. The method of producing the semiconductor sub- 
strate according to Claim 11 , wherein the p-type Im- 
purity is boron, and wherein the concentration of bo- 50 
ron in the atmosphere Is not more than 0.05 ng/liter. 

19. The method of producing the semiconductor sub- 
strate according to Claim 1 1 , wherein the n-type im- 
purity is phosphorus, and wherein the concentration 5S 
of phosphorus in the atmosphere is not more than 
0.01 ng/Ilter. 



20. The method of producing the semiconductor sub- 
strate according to Claim 1 1 , wherein the first base 
comprises a porous layer and/or an ion-imptanted 
layer. 

21. The method of producing the semiconductor sub- 
strate according to Claim 11 , wherein the semicon- 
ductor layer region comprises a single-crystal sem- 
iconductor epitaxially grown on a porous single- 
crystal layer. 

22. The method of producing the semiconductor sub- 
strate according to Claim 1 1 , wherein a heat treat- 
ment at 900°C or higher is carried out in the bonding 
step. 

23. The method of producing the semiconductor sub- 
strate according to Claim 11, further comprising a 
step of carrying out a heat treatment to heat the 
semiconductor layer region left on the second base 
at QOC^C or higher. 

24. The semiconductor substrate according to Claim 
10, wherein the support substrate has a region with 
increasing resistivity toward tho insulating layer in 
the direction of thickness thereof near the insulating 
layer. 

25. The semiconductor substrate according to Claim 
24, wherein the support substrate has a p-type layer 
region to form a pn junction near the insulating layer. 

26. The method of producing the semiconductor sub- 
strate according to Claim 1, wherein the bonding 
step is carried out in an atmosphere In which the 
concentration of the p-type impurity is lower than 
the concentration of the n-type Impurity, and where- 
in the second base is a base comprising a portion 
comprising a p-type semiconductor having a resis- 
tivity of not less than 100 Qcm on the bonding sur- 
face side. 

27. The method of producing the semiconductor sub- 
strate according to Claim 26, wherein after an insu- 
lating layer is formed on a surface of the semicon- 
ductor layer region, the first base is bonded to the 
second base. 

28. The method of producing the semiconductor sub- 
strate according to Claim 26, wherein the second 
base has an Insulating layer on the bonding surface 
side. 

29. The method of producing the semiconductor sub- 
strate according to Claim 26, wherein the concen- 
tration of the n-type impurity penetrating from the 
atmosphere Into the second base is not less than 
0.1 times nor more than 2 times the concentration 
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of a p-lype impurity in the second base. 

30. The method of producing the semiconductor sub- 
strate according to Claim 26, wherein the second 
base is an FZ Si wafer. 

31. The method of producing the semiconductor sub- 
strate according to Claim 26, wherein the atmos- 
phere comprises clean air supplied through a low- 
boron-releasing filter. 

32. The method of producing the semiconductor sub- 
strate according to Claim 26, wherein the p-type im- 
purity is boron. 

33. The method of producing the semiconductor sub- 
strate according to Claim 32. wherein the concen- 
tration of the boron in the atmosphere is not more 
than 0.01 ng/liter. 

34. The method of producing the semiconductor sub- 
strate according to Claim 26, wherein the n-type im- 
purity is phosphorus, and wherein the concentration 
of phosphorus in the atmosphere is not more than 
0.1 ng/liter. 

35. The method of producing the semiconductor sub- 
strate according to Claim 26, wherein the first base 
comprises a porous layer and/or an ion-implanted 
layer. 

36. The method of producing the semiconductor sub- 
strate according to Claim 26, wherein the semicon- 
ductor layer region comprises a single-crystal sem- 
iconductor epitaxially grown on a porous single- 
crystal layer. 

37. The method of producing the semiconductor sub- 
strate according to Claim 26, wherein a heat treat- 
ment at 900**C or higher is carried out in the bonding 
step. 

38. The method of producing the semiconductor sub- 
strate according to Claim 26. further comprising a 
step of carrying out a heat treatment to heat the 
semiconductor layer region left on the second base 
at QOO^C or higher. 

39. The semiconductor substrate according to Claim 
10, wherein the support substrate has a region with 
increasing resistivity toward the insulating layer in 
the direction of thickness thereof near the insulating 
layer and a portion below the region comprises a p- 
type semiconductor or an n-type semiconductor 

40. The semiconductor substrate according to Claim 
39, wherein the support substrate has a pn junction 
near the insulating layer 



41. The method of producing the semiconductor sub- 
strate according to Claim 1, wherein the bonding 
step is carried out in an atmosphere in which the 
concentration of the p-type impurity is lower than 

5 the concentration of the n-type impurity, and where- 
in the second base is a base comprising a portion 
comprising an n-type semiconductor having a resis- 
tivity of not less than 300 Ucm and having an insu- 
lating layer formed on the bonding surface side. 

10 

42. The method of producing the semiconductor sub- 
strate according to Claim 41 , wherein after an insu- 
lating layer is formed on a surface of the semicon- 
ductor layer region, the first base is bonded to the 

15 second base. 

43. The method of producing the semiconductor sub- 
strate according to Claim 41 , wherein the insulating 
layer is a layer of an oxide formed on the bonding 

^0 surface side. 

44. The method of producing the semiconductor sub- 
strate according to Claim 41 , wherein the resistivity 
of the second base is not less than 500 Lhcm. 

25 

AS. The method of producing the semiconductor sub- 
strate according to Claim 41 , wherein the second 
base is an FZ Si wafer 

30 46. The method of producing the semiconductor sub- 
strate according to Claim 41. wherein the atmos- 
phere comprises clean air supplied through a low- 
boron-releasing filter 

3S 47. The method of producing the semiconductor sub- 
strate according to Claim 41 , wherein the p-type im- 
purity is boron. 

48. The method of producing the semiconductor sub- 
40 strate according to Claim 47, wherein the concen- 
tration of the boron in the atmosphere Is not more 
than 0.01 ng/liter 

49. The method of producing the semiconductor sub- 
45 strate according to Claim 41 , wherein the n-type Im- 
purity is phosphorus, and wherein the concentration 
of phosphorus in the atmosphere is not more than 
0.1 ng/liter 

50 50. The method of producing the semiconductor sub- 
strate according to Claim 41 , wherein the first base 
comprises a porous layer and/or an ion-implanted 
layer. 

55 51. The method of producing the semiconductor sub- 
strate according to Claim 41 , wherein the semicon- 
ductor layer region comprises a single-crystal sem- 
iconductor epitaxially grown on a porous single- 
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crystal layer. 

52. The method of producing the semiconductor sub- 
strate according to Claim 41 , wherein a heat treat- 
ment at 900^*0 or higher is carried out in the bonding 5 
step. 

53. The method of producing the semiconductor sub- 
strate according to Claim 41. further comprising a 
step of carrying out a heat treatment to heat the io 
semiconductor layer region left on the second base 

at 900°C or higher. 

54. The semiconductor substrate according to Claim 

10, wherein the support substrate has a region with is 
decreasing resistivity toward the insulating layer in 
the direction of thickness thereof. 

55. The semiconductor substrate according to Claim 
54, wherein the support substrate is an FZ Si wafer, 

56. A semiconductor device formed in the semiconduc- 
tor substrate of Claim 10. 

57. The semiconductor device according to Claim 56, ^5 
which is a transistor. 
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